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Reptiles are used for various purposes these days, including public exhibits, medicinal applications, and
as laboratory animals. As the international exchange of reptiles has gradually increased, more people
have had the opportunity to come in contact with these animals. Snakes typically live in the rhizosphere
where various bacterial strains exist and as such they can lead to opportunistic human diseases. When
snakes are encountered in veterinary medicine, it is necessary to monitor their microflora. Native
microflora of reptiles imported from other countries has not yet been reported in Korea. In this study,
oral and cloacae samples were collected from 18 Burmese pythons transported from Vietnam. The
specimens were incubated at 37°C for 18 h to produce colony growth under aerobic condition and
isolated colonies were then identified using a VITEK automated identification system. There were fourteen
types of aerobic bacteria isolated from both oral and cloacae samples, nine from only oral specimens,
and fifteen from only cloacae specimens. Most bacteria isolated were opportunistic pathogens of humans
which therefore have the potential to induce disease in people. Based on the microflora and the
prevalence of bacterial strains in snakes, quarantine procedures for reptiles transported internationally
should be strengthened. Characterization of the microflora of reptiles with the potential to induce
zoonosis should be performed in those used as laboratory animals and to prevent zoonotic outbreaks in
the general population as well as among veterinarians.
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Recently studies using reptiles have increased in the areas
of infectious disease, comparative anatomical physiology, the
evaluation of phylogenic relations with birds and other
vertebrates, stem cell experiments, and therapeutic drug
development [1-3]. Various peptides isolated from snake
venom have been used for multiple purposes. For example,
1-amino acid oxidase from Bothrops leucurus venom has
been studied for inhibition of platelet aggregation [4], and
cathelicidin-BF (BF-30) from Bungarus fasciatus has potency
to inhibit bacterial proliferation [5]. As medicinal applications
of venom increase, its risk to human health should be
examined.
Even though snake health can be affected by bacteria,
there have not been many studies of the distribution of bacteria
in snakes or the influence of predominant bacteria in snakes.
For example, gram-positive bacteria such as Corynebacterium
and Staphylococcus are predominant in the oral cavities of
healthy snakes but gram-negative bacteria, such as Pseudomonas
aeruginosa, Providencia rettgeri, and Pseudomonas maltophilia
are predominant in the oral cavities of snakes with stomatitis
[6]. Some bacteria not only affect snakes but also affect humans
[7-8].
Lab Anim Res 2011: 27(3), 213-217
http://dx.doi.org/10.5625/lar.2011.27.3.213
†These authors equally contributed to this study
*Corresponding author: Jin Soo Han, Institute for the 3Rs, College of Veterinary Medicine, Konkuk University, 1 Hwayang-dong,
Gwangjin-gu, Seoul 143-701, Korea 
Tel: +82-2-2049-6114; Fax: +82-2-454-3932; E-mail: labvet@konkuk.ac.kr
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.214 Yeon-Sook Jho et al.
Lab Anim Res | September, 2011 | Vol. 27, No. 3
Enterococcus faecalis is normal flora in the gastrointestinal
tract, but may gain resistance towards antibiotics during
pathological conditions [9]. Enterobacter is known to cause
urinary and respiratory diseases in humans [6]. Proteus  sp.
which can induce urinary disease often causes nosocomial
outbreaks [10]. Pseudomonas sp. can breakdown non-specific
host defenses [6]. Although Stenotrophomonas maltophilia
is commonly found in the environment, it can induce human
diseases including endocarditis, sepsis, meningitis, peritonitis,
and soft tissue and wound infections [11].
The purpose of this study was to identify the aerobic bacteria
of internationally transported snakes, investigate the microflora
of those used as experimental animals, and ascertain the
opportunistic pathogens among the characterized bacteria,
in an effort to establish the need for improved inspections
related to the international trade of wild animals, including
snakes.
Materials and Methods
Samples for bacteria cultures were collected from 18
Burmese pythons (Python molurus bivittatus) transported from
Anh Thien’s farm located in Ho Chi Minh, Vietnam to a
private zoo in Korea on May 17, 2007. A total of six males
and twelve female snakes which had been maintained in
a natural state at the farm were caught and transported to
Korea. Before moving to the zoo, samples were collected
from the snakes in the Inchon airport cargo area. The snakes
were distinguished by their individual characteristics and
renamed VT-01 to VT-18 (Table 1). All animals were clinically
described as normal. The largest of the snakes reached a
length of 4.4 m and a body weight of 82 kg, which in fact
was the largest snake ever transported to Korea. The body
size of the smallest snake was 1.5 m and 1.24 kg. Animals
were immobilized during sample collection. To obtain oral
samples, a sterile transport swab with liquid Amies Medium
(Copan Innovation, Brescia, Italy) was introduced between
the larynx and the bottom of the inner gum line. Cloacae
samples were obtained in a similar fashion. The methods
of sample collection and storage were not designed to support
recovery of anaerobic bacteria. Samples were inoculated on
culture plates with 5% sheep blood agar (Becton, Dickinson
and Company, NJ, USA) and incubated at 37
oC for 18 hours
to produce colony growth under aerobic conditions.
Standard procedures
  were used for bacterial isolate
identification, including Gram stain reaction and colony
morphology [12]. Presumptive identification was carried out
for differential identification as follows:
Triple sugar iron (TSI) agar was used for the differentiation
of Enterobacteriaceae cultivated on selective or moderately
selective media on the basis of lactose, glucose, and sucrose
fermentation, and the production of hydrogen sulfide (H2S)
and other gases. To perform the test, a test tube of TSI media
was inoculated by stabbing the butt with a needle which
had touched the surface of the center of a colony and a
slope was then streaked. After 18-48 h of incubation, the
tube was examined for the following: only acid, or acid and
gas in the butt; acid or alkaline or no change in the slope;
and H2S production. Acidification was detected as yellow-
colored gas production by the formation of small bubbles
in the agar, and H2S production by blackening of the medium.
Indole tests were also performed which screen for the ability
of an organism to degrade the amino acid tryptophan and
produce indole. A tube of tryptone broth was inoculated
with a small amount of pure culture and incubated at 35°C
for 24 to 48 h. To test for indole production, five drops of
Kovac’s reagent were added directly to the tube. A positive
indole test was indicated by the formation of a pink to red
color (“cherry-red ring”) in the reagent layer on top of the
medium within seconds of adding the reagent. If a culture
was indole negative, the reagent layer remained yellow or
became slightly cloudy.
Citrate utilization tests were used to identify bacteria which
utilize as one of their starting products of metabolism a
compound called citrate which is the ionized form of citric
acid. Bacterial colonies were picked up with a straight wire
and inoculated into a slope of Simmons’ citrate agar and
incubated for 24 h at 35
oC. As citrate was utilized from the
Table 1. Physiologic information of snakes transported from
Vietnam
ID Sex* Length (m) Weight (kg)
VT-01 M 1.5   1.2
VT-02 M 2.0   1.7
VT-03 F 1.7   2.5
VT-04 F 2.1   3.7
VT-05 M 2.2   4.7
VT-06 F 2.2   5.1
VT-07 F 2.3   9.0
VT-08 F 1.8   3.5
VT-09 F 2.3   6.0
VT-10 F 2.2   5.0
VT-11 F 3.0 14.0
VT-12 M 3.2 26.0
VT-13 M 3.1 11.0
VT-14 F 3.1 15.0
VT-15 F 2.9 11.0
VT-16 F 3.0 16.0
VT-17 F 4.2 50.0
VT-18 M 4.4 82.0
*M: male, F: female.Oral and cloaca bacteria of snake Burmese python 215
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media by the bacteria, the pH of the medium changed. As
the pH became more alkaline, the media changed from green
to blue (alkaline). A green color represented a negative result,
and blue denoted a positive state of growth [13].
After cultivating at 35
oC for 18-24 h, gram negative bacterial
samples were analyzed using an API 20NE System (bioMérieux,
Craponne, France) and gram positive bacterial samples were
analyzed using a BBL Crystal Identification System (Becton,
Dickinson and Company, Franklin Lakes, NJ, USA). To confirm
these results, the isolated colonies were reanalyzed using a
VITEK II System (bioMérieux) and standard biochemical assays
were used for identification of bacterial species. The isolated
colonies were incubated under standard conditions, i.e., gram
positive bacteria for 8-24 h, gram negative bacteria for 18-
24 h. An organism suspension was made in 0.45-0.5% sterile
saline (0.9% NaCl, pH 5.5-7.2) from a pure culture in a
clear plastic polystyrene tube and standardized to McFarland
0.5 standard using a DensiCHEK turbidity meter. Readings
were performed every 15 min.
Results
Fourteen bacterial strains were isolated from both
oral and cloaca cultures
Fourteen bacterial strains, including Aeromonas hydrophila,
Citrobacter freundii, Corynebacterium jeikeium, Enterobacter
sp., Enterococcus sp., Klebsiella pneumoniae, Morganella
morganii ss. sibini,  Proteus mirabilis, Proteus vulgaris,
Providencia rettgeri,  Pseudomonas species,  Staphylococcus
lentus, Staphylococcus sp., and Staphylococcus xylosus were
isolated from both oral and cloaca samples (Table 2). The
incidence rate of Citrobacter freundii (33%) in both oral and
cloaca cultures was higher than that of the other strains. The
incidence rate of Pseudomonas  sp. in oral samples (33%)
was much higher than in cloaca samples (17%). Most incidence
rates in oral samples were higher than in cloaca samples.
The incidence rates in oral samples from Proteus vulgaris,
Aeromonas hydrophila, Proteus mirabilis, Morganella morganii
ss. sibini, and Providencia rettgeri were 28, 22, 17, 11, and
11%, respectively (Table 3), and those in cloaca samples from
Proteus vulgaris,  Aeromonas hydrophila,  Proteus mirabilis,
Morganella morganii ss. sibini, and Providencia rettgeri were
17, 17, 6, 6, and 11%, respectively (Table 4).
All isolates were opportunistic pathogens of humans,
especially more dangerous to immunosuppressed individuals
such as organ transplanted patients.
Nine  bacterial  strains  were  isolated  from  oral
cultures only
Nine bacterial strains, including Acinetobacter species,
Bacillus brevis,  Enterobacter aerogenes,  Escherichia coli,
Klebsiella oxytoca,  Micrococcus rosenes,  Pseudomonas
aeruginosa, Pseudomonas putida, and Pseudomonas species
were isolated from oral samples.
Pseudomonas species (33%) were more frequently found
in oral cultures compared to the others. The next most frequent
Table 2. Bacterial strains in both oral and cloaca samples
Microflora Oral Cloaca
Aeromonas hydrophila 43
Citrobacter freundii  66
Corynebacterium jeikeium 11
Enterobacter sp. 11
Enterococcus sp. 11
Klebsiella pneumonia 12
Morganella morganii ss. sibini 21
Proteus mirabilis 31
Proteus vulgaris  53
Providencia rettgeri  22
Pseudomonas sp. 63
Staphylococcus lentus  11
Staphylococcus sp. 21
Staphylococcus xylosus  11
Table 3. Bacterial strains found only in oral samples
Microflora Oral
Acinetobacter sp. 5
Bacillus brevis  1
Enterobacter aerogenes  1
Escherichia coli  2
Klebsiella oxytoca 1
Micrococcus rosenes  1
Pseudomonas aeruginosa 1
Pseudomonas putida 1
Pseudomonas sp. 6
Table 4. Bacterial strains found only in cloaca samples
Microflora Cloaca
Acinetobacter baumanii 1
Acinetobacter calcoaceticus 1
Aeromonas sp. 1
Bacillus sp. 2
Chryseobacterium indologenes 1
Citrobacter koseri 1
Enterobacter cloacae 2
Enterobacter intermedium 1
Enterococcus faecalis 4
Flavobacterium indologenes 1
Gemella haemolysans 1
Kluyvera cryocrescens 1
Micrococcus roseus 1
Pseudomonas sp. 3
Shewanella putrefaciens 1216 Yeon-Sook Jho et al.
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oral isolate was Acinetobacter species (28%). All oral isolates
were opportunistic pathogens of humans except for
Acinetobacter species.
Fifteen bacterial strains were isolated from cloaca
cultures only
Fifteen bacterial strains, including Acinetobacter baumanii,
Acinetobacter calcoaceticus,  Aeromonas  sp.,  Bacillus  sp.,
Chryseobacterium indologenes, Citrobacter koseri, Enterobacter
cloacae,  Enterobacter intermedium,  Enterococcus faecalis,
Flavobacterium indologenes, Gemella haemolysans, Kluyvera
cryocrescens,  Micrococcus roseus,  Pseudomonas  sp., and
Shewanella putrefaciens were isolated from cloaca samples. 
The characterized bacteria in cloaca samples varied in
comparison to those in oral samples. The incidence of
Enterococcus faecalis was four times higher than others. The
incidence rates of Pseudomonas  sp.,  Bacillus  sp., and
Enterobacter cloacae were 11% or more in cloaca samples
(17, 11, and 11%, respectively). All isolates identified were
opportunistic pathogen of humans.
Discussion
Fourteen bacterial strains (Aeromonas hydrophila,
Citrobacter freundii, Corynebacterium jeikeium, Enterobacter
sp., Enterococcus sp., Klebsiella pneumonia, Morganella
morganii ss. sibini,  Proteus mirabilis, Proteus vulgaris,
Providencia rettgeri, Pseudomonas sp., Staphylococcus lentus,
Staphylococcus sp., and Staphylococcus xylosus) were isolated
from both oral and cloaca samples. Nine bacterial strains
(Acinetobacter species, Bacillus brevis, Enterobacter aerogenes,
Escherichia coli,  Klebsiella oxytoca,  Micrococcus rosenes,
Pseudomonas aeruginosa,  Pseudomonas putida, and
Pseudomonas sp.) were isolated from oral samples. Fifteen
bacterial strains  (Acinetobacter baumanii,  Acinetobacter
calcoaceticus, Aeromonas sp., Bacillus sp., Chryseobacterium
indologenes, Citrobacter koseri,  Enterobacter cloacae,
Enterobacter intermedium, Enterococcus faecalis, Flavobacterium
indologenes,  Gemella haemolysans,  Kluyvera cryocrescens,
Micrococcus roseus,  Pseudomonas  sp., and Shewanella
putrefaciens) were isolated from cloaca samples. All isolates
identified were opportunistic pathogen of humans [14-22].
These results suggest that individuals involved in international
snake transportation or studies using these animals run the
risk of being infected by opportunistic pathogen during
inspection, transport, or conducting research with them. The
possibility of infection is especially high for persons who are
sick or immunocompromised.
Snake species are estimated at 3,315 as of Jan, 2011 [23]
and most live in the subterranean region. There are also
many opportunistic pathogens such as Burkholderia,
Ochrobactrum,  and Stenotrophomonas in the region [24].
Therefore, it stands to reason that snakes may carry a number
of zoonotic pathogens. Stenotrophomonas maltophilia
(formerly Xanthomonas maltophilia) is a non-fermenting gram-
negative bacillus, associated with infections such as
endocarditis, sepsis, meningitis, peritonitis, and soft tissue and
wound infections [11], which is intrinsically resistant to broad-
spectrum antibiotics [25], and has an increased potential to
induce disease in humans who have malignancies, chronic
respiratory diseases, and endotracheal intubation [26]. In
addition to secondary infections arising from bacteria coming
from the snake’s mouth inoculated at the time of a bite,
aerobic bacteria are also responsible for snakebite-associated
wound infections [27].
Wild-caught snakes are a popular and traditional food;
therefore, it is very likely that people who consume reptile
meat are in danger of contracting zoonotic disease responsible
for bacterial infections [28-29]. A strict quarantine is in force
in other countries such as Germany, Australia, and the United
States to prevent the entry of diseases from abroad which
is also a crucial problem for Republic of Korea.
As the incidence rate of zoonotic bacteria in internationally
transported snakes is high, it is suggested that in the trading
of wild animals, including snakes, inspections should be more
firmly conducted before and after transportation according
to strict quarantine guidelines similar to those in advanced
countries. Additionally, based on the study of antibiotic
resistance, we should prepare against a zoonotic outbreak
as the result of transported snakes. By accurately characterizing
the microflora in reptiles that have the potential to induce
zoonosis, they can continue to be safely provided as
experimental laboratory animals and zoonotic outbreaks in
the public as well as veterinarians can be avoided.
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